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[57] ABSTRACT 

Control pulses of highest positive level, clock pulses of 
negative middle level and reset pulses of lowest nega 
tive level are transmitted through one or more trans 
mission lines. Separation of those pulses in the re 
ceiver is performed by means of simple recti?ers con 
nected to the transmission lines. In both transmitter 
and receiver,‘binary counters and decimal decoders 
are utilized for repeatedly ‘producing channel pulse 
sequences. ' ' . 

15 Claims, 40 Drawing Figures 
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MULTIFLEX TRANSMISSION’SYSTEM ON-GFF ‘ ‘ 
ASIGNAL . -‘ . 

The-present invention‘ relates to a multiplex signalu 
transmission‘ system capable of transmitting and receiv 
ing a plurality of signals with a time division‘ mode by . 
using a minimum number of transmission lines. 

In industrial machines which are controlled from a 
remote control station, it is necessary to interconnect a 
control board in the control station and the‘ machine ‘ 
with signal transmission lines. It has been the practice 
to provide two transmission lines for each signal. How 
ever, with the development of high grade control and 

_ increased‘complexity of control the numberof signals 
I is also increased thus requiring a great many signal 
‘transmission lines of the order of several hundreds to 
several thousands. Such large number of transmission 
lines are not only expensive but requires long period of 
installation.'Further, reliability of the control system is 
decreased and troublesome maintenance is required. 
To obviate these difficulties, it has been proposed to 
transmit the control signals in a multiplex mode. How 
ever, prior art multiplex signal transmission systems are 
extremely complicated and expensive. Moreover, since 
control signals utilized to control industrial‘ machines 
etc. are generally of the simple ON-OFF type, it is not 
economical to use complicated multiplex system to 
transmit these signals. 
Accordingly, it is an object of the present invention 

to provide an improved multiplex transmission system 
which requires only one or two transmission lines. 
Another object of the present invention is to provide 

a novel ON-OFF signal multiplex transmission system 
which is not'required to use expensive shielded conduc 
tors and further free from in?uence by noise. 
Yet another object of the present invention is to 

provide a new and improved ON-OFF signal multiplex 
transmission system capable of standardizing the trans 
mitting and receiving apparatus, thereby decreasing the 
cost of installation and maintenance. 
According to the present invention there is provided 
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a multiplex transmission system comprising transmit- i 
ting apparatus, receiving apparatus and a transmission 
circuit interconnecting the transmitting and receiving 
apparatus.‘ The transmitting apparatus comprises a 
plurality of control switches, means to generate a clock 
pulse,'a first counting circuit operated in synchronism 
with the clock pulse for’periodically and ‘sequentially. 
detecting the ON-OFF statesv of respective control 
switches thereby repeatedly producing a ?rst pulse 
train corresponding to the ON-OFF states, means for 
producing‘a reset pulse for the'?rst counting circuit for 

' resetting the same at each one period, and means for 
transmitting‘ the ?rst pulse train, the clock pulse and 
the reset pulse over the transmission ‘circuit. 7 _ , 

The receiving appar tus comprises a trigger pulse 
generator, a plurality of ?ip-?op circuits for storing and 
sendinglout?the states‘of the pulses of the ?rst pulse 
train received from the transmission ‘circuit at an in 
stant when the trigger pulse is'ap‘plied'to the ?ip-?op 
circuits, asecond counting circuit'operated synchro 
nously with the clock pulse received from the transmis 
sion circuit for applying the trigger pulse successively 
to the flip-flop circuits, means for applying the reset 
pulse received from the transmission circuit tothe 
second counting circuit for resetting the same at each 
period and a plurality of output circuits'which‘ are con 
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?op circuits. With this system the ON-OFF states of the 
control switches in the transmitting apparatus are sent 
with a time division mode and reproduced on the out 
put circuits of the receiving apparatus. 7 I ' 
Where the transmission circuit comprises a single 

transmission line, the transmitting apparatus is pro 
_ vided with means for combining the ?rst pulse train, 
the ‘clock pulse and the reset pulse into a second pulse 
train having four levels and means for transmitting the 
second pulse train over the single transmission line, and 
the receiving apparatus is provided- withrmeans for 
decomposing the received second pulse train into the 
?rst pulse train, the clock pulse and the reset pulse. 
Where the transmission circuit comprises two_ trans 

mission lines, the transmitting apparatus is provided 
with means for combining the ?rst pulsetrain and the 
clock pulse into a second pulse train with one of the 
?rst pulse train and the clock pulse positive and the 
‘other negative, means for transmitting the second pulse 
train over one of the‘transmission lines, and means‘for 
transmitting‘ the reset pulse over theother transmission 
line, whereas the receiving apparatus is provided with 
means for decomposing the second pulse train received 
from the one transmission line into the?rst pulse‘train 
and the clock pulse and a logical converter for convert~ 
ing a negative logic pulse into a positive logic pulse. 
The invention can be more fully understood fromthe 

following detailed description taken, in conjunction 
with the accompanying drawings in‘ which: > v I 

FIG.‘ 1 is a block diagram showing one example of the 
transmitting apparatus embodying the invention which 
utilizes a single transmission line; I I 
FIG. 2 is a block diagram showing one’ example of the 

receiving apparatus embodying the invention; 
FIGS. 3A-G=and 4G-R shown waveformes at various 

portions of the transmitting and receiving apparatus, 
respectively, shown in FIGS. 1 and 2; . 
FIGS. 5 and 6 are block diagrams showing the trans 

mitting and receiving apparatus of a- modi?ed embodi 
ment of this invention utilizing two transmissionv lines; 
and = - ~ 

FIGS. 7A-H and. 8G-P show waveforms. at various 
portions of the transmitting and receiving apparatus 
shown in FIGS. 5 and 6, respectively. " . 
The transmitter shown in FIG. 1 and. the receive 

shown in FIG. 2 constitutes one embodiment of this 
invention wherein a single transmission line is utilized 
to transmit and receive a plurality of ON-OFF signals. 
The transmitter shown in FIG. 1: comprises a clock 

pulse generator I ‘for generating clock pulses, a- level 
adjustor 2 for converting theiclock'pulse into a pulse 
having lines of +1 and -—1, a binary ~counter_4 which 
produces 4 bit binary code pulse, a‘ reset pulse genera 
tor 3 for producing only‘ one reset pulse for resetting 
the binary counter 4v when the-transmitter is supplied 
with electric ‘power, andi‘a decimal'decoder S-for con 
verting the binary outputs from binary counter 4 into 
decimal code pulse signals. The output of. ‘the. level 
adjustor 2 is applied to a transmissionline 7 througha 
diode D1 andan output terminal 6. One input terminal 
of a NAND gate circuit 8 is connected to the output of 
level adjustor. 2 whereas the other input is connected .to 
the overflow output terminal. OVF of the-binary 
counter 4 throughan NOT gate circuit 9. The output of 
the NAND gate circuit 8_ is connected to thebase elec 
trode of a control transistor TRa through an NOTrgate 
circuit 10 and a resistor R3.'The emitter. electrode-of 
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transistor TR3 is connected to output terminal 6 while 
the collector electrode of transistor TR3 is connected to 
the emitter electrodes of transistors TRH, TRH, . . . 

TRHG. The base electrodes of transistors TR“, TR”, . 
. . TR2_16 are connected to output terminals 1, 2, . . . 16 

of the decimal decoder 5, respectively and to a source 
terminal +Vcc through resistors R24, R”, . . . R246, 
respectively. The collector electrodes of transistors 
TR2_,, TRM, . . . TRMG are connected to the juncture 

between the level adjustor 2 and diode D1 via a plural 
ity of control switches S1, S2, . . . S16 and a diode D2 
having a polarity opposite to that of diode D,. The 
output terminal OVF of binary counter 4 is also con 
nected to the base electrode of transistor TRl through 
a resistor R1. The collector electrode of transistor TRl 
is connected to output terminal 6 and the emitter elec 
trode is connected to a source of —V2cc. 
The receiver shown in FIG. 2 comprises an input 

terminal 11 connected to the transmission line 7, a 
level-up circuit 12 connected to the input terminal 11 
through a diode D3 and functions to raise the level of 
the received pulse by +Vcc. The output from the lev 
elup circuit 12 is applied to a trigger terminal CP of a 
binary counter 14 via NAND gate circuit 17 and an 
NOT gate circuit 21. The juncture between diode D3 
and level-up circuit 12 is grounded through serially 
connected diode D5, a Zener diode ZD2 and resistor R5 
which is shunted by a noise by-pass capacitor C1. The 
juncture between the Zener diode 2D, and resistor R5 
is connected to the base electrode of transistor TR4 via 
resistor R6. The emitter electrode of transistor TR4 is 
grounded whereas its collector electrode is connected 
to a source terminal —Vm via a resistor. This collector 
electrode is also connected to the reset terminal R of 
binary counter 14 through serially connected NOT gate 
circuits 19 and 20, the intermediate point thereof being 
connected to the other input of the NAND gate circuit 
17. The output of the NOT gate circuit 21 is connected 
to the input terminal of a stroke pulse generator 16 
having its output connected to input terminals of 
NAND gate circuits 18a, 18b, 18c and 18d. The other 
input terminals of NAND gate circuits 18a, 18b, 18c 
and 18d are connected to output terminals Q1, Q2, Q3 
and Q4 of the binary counter 14 and the output termi 
nals of the NAND gate circuits 18a, 18b, 18c and 18d 
are connected to input terminals of a decimal decoder 
15 via NOT gate circuits 22a, 22b, 22c and 22d, respec 

. tively. There are provided a plurality of JK flip-flop 
circuits 25-1 through 25-16. The J terminals of these 
?ip-?op circuits are connected to the juncture between 
a diode D4 and a resistor R4 which are connected in 
series between input terminal 11 and the ground, 
through an inverter 13 and an NOT gate circuit 23. The 
CP terminals of ?ip-?op circuits 25-1 through 25-16 
are connected to output terminals 1 through 16, re 
spectivelyof the decimal decoder 15, whereas the K 
terminals of the ?ip-?op circuits are connected to the 
output of NOT gate circuit 23 through an NOT gate 
circuit 24. The output terminals of JK flip-?op circuits 
25-1 through 25-6 are connected to the base electrodes 
of transistors TR5_, through TRMG via resistors R7_1 
through R746, respectively. The emitter electrodes of 
transistors TR5.-1 through TR5.,6 are commonly 
grounded whereas the collector electrodes are con 
nected to output terminals L1, L2,. . . L16, respectively. 
The operations of the circuits shown in FIGS. 1 and 

2 will now be described with reference to waveforms 
shown in FIGS. 3 and 4 in which A through G show 
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waveforms at portions of FIGS. 1 and 2 designated by 
the same symbols. ‘ I ‘ . 

The clock pulse generator l'generates clock pulses as 
shown in FIG. 3A which is converted into pulses shown 
in FIG. 3B and having levels between +1 and —l by the 
action of the level adjustor 2. (In FIG. 38, +1 and —1 
are indicated by +Vcc and —-V(.c respectively.) These 
pulses are also used as the clock pulse for the decimal 
decoder 4 thereof. The'reset circuits 3 produces a reset 
signal C for this purpose. 
The binary counter 4 is constructed such that it pro 

duces 4 bits that is 24= l6 binary code pulses which are 
supplied to the decimal decoder 5 through its output _ 
terminals Q1 through Q4 and that a positive pulse is 
produced at its OVF terminal at each one cycle (16 
counts). Accordingly, the outputs from the OVF termi 
nal of the binary counter 4 have waveforms as shown 
by FIG. 3F. The OVF pulses are inverted by the transis 
tor TRl is applied to the output terminal 6 as a pulse of 
the negative logic having a level of —2 (in FIG. 3 shown 
as —V2c.-). ’ 

Upon receiving a binary code from the binary 
counter 4 the decimal decoder 5 sequentially produces 
outputs on its terminals 1, 2, - - - 16 at the same repeti 
tion period as the clock pulse. These pulses are shown 
in FIG. 3D and are applied to the base electrodes of 
transistors TR“ through TRMG, respectively. 
The output pulses from the level adjustor 2 are con 

verter into positive pulses shown in FIG. 3E by the 
operation of diode D2 and the positive pulses are im 
pressed upon the collector electrodes of transistors 
TR2_1 through TR“, respectively through control 
switches S1 through S16. Accordingly, among these 
transistors those having collector electrodes which are 
supplied with the pulse of FIG. 3E when pulse of FIG. 
3D are impressed upon their base electrodes become 
conductive. In other words, among transistors TRZ.1 
through TRM; those associated with control switches 
which are closed will become conductive whereas 
those associated with control switches which are open 
will not become conductive. As a result, a pulse train 
corresponding to the opened and closed states of con 
trol switches S, through S16 is impressed upon the col 
lector electrode of transistor TR3. Since the base elec 
trode of transistor TR3 is supplied with a signal corre~ 
sponding to the logical product of the inverted signal of 
pulses of FIG. 3F and pulses of FIG. 3B, the transistor 
TRB is rendered ON only when pulses of FIG. 3F are at 
a low negative level, that is, there is no reset signal and 
pulse of FIG. 3B is at a high level. Accordingly, channel 
pulses according to the opened and closed conditions 
of the control switches S1 through S16 are sent to the 
output terminal 6 in synchronism with the pulses of 
FIG. 3B. In FIG. 3G, pulses on transmission line is 
illustrated when two control switches S2 and S15 are 
closed. 
The negative pulse of FIG. 3B is supplied to the out 

put terminal 6 through diode D1 having a polarity oppo 
site to that of diode D1. Accordingly, as shown in FIG. 
3G, the pulse sent out to the transmission line 7 from 
the output terminal 6 is a pulse train consisting of posi 
tive channel pulses,‘ negative pulses of a —I level, and 
negative reset pulses of a —2 level sent from transistor 
TR‘. 
The receiver shown in FIG. 2 operates as follows. 

The pulses of FIG. 3G are applied to the input terminal 
11, and are decomposed into negative pulses shown in 
FIG. 4B and positive pulses as shown in FIG. 4? by the 
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action of diodes D3 and D4. Thus, the diodes D3 and D4 
constitutes a separator. The negative pulses are applied 
to Zener diode ZD, through diode D5v for blocking 
positive voltage. It is assumed now that the Zener volt 
age VZD of the Zener diode ZD, is set to be expressed 
by an equation Vm <VZD < V2“. . Then when the 

I crest value of the negative pulse of FIG. 411 is equal to 
—V,cc, the basepotential of transistor TR, becomes 
equal to the ground potential so that this transistor will 
not become conductive. On the other hand, when the 
crest value of the negative pulse of FIG. 4H is equal to 
—-V2cc, the base potential of transistor TR, becomes 
equal to —V,,cc +VZD, with the result that the collector 
potential of transistor TR, will become equal to the 
output F at the reset pulse of the binary counter 4 is 
produced. 
The negative pulses of FIG. 4H are also supplied to 

the level-up circuit 12 and converted into positive 
pulses having two levels of 0 and +1Vcc as shown in 
FIG. 41. Positive pulses of FIG. 4M corresponding to 
the logical product of pulses at a point K inverted from 
pulses at a point J and pulses at a point I is used as the 
clock pulses for binary counter 14. The positive pulse 
at a point M is also applied to the strobe pulse genera 

I> tor 16. 
The strobe pulse generator comprises a circuit in 

cluding a delay element which operates at the buildup 
portion of the‘positive pulse at M applied thereto, and 
a circuit connected in series therewith and operates to 
differentiate the output thereof, thereby producing 
strobe pulses at a point N havinga narrow pulse width 
and becoming positive at points slightly later than the 
points at which the pulse at the point E becomes the 
high level as shown in FIG. 4N. The logical product of 
the strobe pulses at the point N and the output pulses at 
the output terminal Q1 through Q4 of the binary 
counter 14 are applied to the decimal decoder 15. 
Consequently, the output from the decimal decoder 15 
appears at points P all having the same pulse width as 
the strobe pulse N as shown in FIG. 4P. These pulses 
are applied to the trigger gates C? of respective JK. 
?ip-?op circuits 25-1 through 25-16. > 
The positive pulses at a point Q are applied to the J 

terminals of respective .IK ?ip-?op circuits 25-1 
through 25-16 via inverter 13 and NOT gate circuit 23. 
Pulses at a point R shown in FIG. 4R represents pulses 
which correspond to pulses which are formed in accor 
dance with the opened and closed states of the control 
switches S, through 8,6 in the transmitter. Pulses in 
verted from the pulses at the point R by the NOT gate 
circuit 24 are applied to the K terminals of respective 
.IK ?ip-?op circuits 25-1 through 25-16. 
As a consequence, each one of the JK ?ip-?op cir 

cuits stores the pulses at R at the time when it receives 
the trigger pulse at P from the decimal counter 15 and 
produces the stored condition as an output. These out 
puts are applied to the base electrodes of respective 
transistors TR5_, through TR5_,6. Thus, by connecting 
controlled apparatus to the collector electrodes of 
these transistors through output terminals L, through 
L“, it becomes possible to control the controlled appa 
ratus in accordance with the opening and closing of the 
control switches S, through 8,6 in the transmitter shown 
in FIG. 1. 
Reset pulses at L inverted from pulses at K by the 

NOT gate circuit 20 are applied to the reset terminal R 
of the binary counter 14. In other words the binary 
counter 14 is reset at each one cycle (16 counts) in 
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6 
synchronism with the binary counter shown in FIG. 1. 
In this manner, both binary counters 4 and 14 are forci 
bly brought into synch‘ronism at each one cycle, so that 
there is no fear of accumulation of the difference in the 
counts of both counters. . 

Furthermore, as has been described hereinabove, as 
the JK ?ip-?op circuits are triggered by the strobe 
pulses having a narrow pulse width it is possible to 
prevent misoperation of these .1 K ?ip-flop circuits 
caused by noises. - , . , 

Where, the controlled apparatus are connected to 
the output terminals L, through L,6 through‘relays or 
other intervening apparatus instead of directlycon 
necting controlled apparatus to the output terminals, it 
is possible to assure correct operation thereof even 
when the JK ?ip-?op circuits are caused to misoperate 
by noises by selecting the response time of such relays 
or the like to be longer than the repetition period (the 
interval of said, one cycle consisting of 16 counts) of the 
decimal decoder 15. Thus, for example, where the 
oscillation frequency of the clock pulse oscillator 1 is , . 
selected to be equal to 10 KHZ, the repetition period of 
the decimal counter 16 would be equal to 1.6 ms-so 
that respective JK ?ip-?op circuits continuously pro- . 
duce outputsof 1.6 ms (= 0.1 ms X 16) of the same 
value. Assuming now that the relays connected to out 
put terminals L, through L,6 respectively require ,an 
operating time of6 ms, the relay would not be operated 
unless the JK ?ip-?op circuits produce outputs of the 
same value at least four times (1.6 X 4 = 6.4 > 6 ms). 
In other words, only when JK ?ip-?op circuits produce 
outputs of the same value for four cycles relay are 
operated. For this reason, even when the JK ?ip-?op 
circuits are caused to misoperate by‘ noises, such mis 
operation will not affect the correct operation ofthe 
controlled apparatus. . 

1 According to the embodiment described above it is 
possible to transmit and receive a plurality of ON~OF F ‘ 
signals by utilizing a single transmission line with time 
division mode by ‘transmitting clock pulses, control 
pulses and reset pulses over the transmission line. 
While in the foregoing embodiment 16 types of ON 

OFF signals were used, it should be understood that the . 
types of the signals may be larger or smaller than 16. 
Further, instead of utilizing the positive portion of ‘the 
pulse transmitted over the transmission line as the con 
trol signal and the negative portion as the counting" vand 
synchronizing signals, it is also possible to use the posi-‘ 
tive portion as the control signal and the negative por 
tion as the clock and reset pulses. Thus, the invention ‘ 
not only enables multiplex transmission of a plurality of 
ON-OFF signals but also greatly decreases the ‘number 
of transmission lines between the ‘controlling apparatus 
and controlled apparatus. This not only decreases cost 
of installation but also makes easy maintenance and “ 
inspection. Since the signal ?owing through the trans 
mission line is a small pulse signal and since the appara 
tus is constructed not to be affected by noise it is possi 
ble to use not shielded ?ne conductor as the transmis 
sion line, thus decreasing the cost of construction. It is 
also possible to standardize the transmitter and .re 
ceiver thereby making it possible to simplify the, manu- . 
facturing facilities. Where multi-contact type relays are , 
used on the receiving side, it is possible to simplify the 
control panel. By observing the waveform of the pulse 
transmitted ‘over the transmission line by means of a 
synchroscopeor the like it is possible to judge the oper 
ating condition of the control system thus making it 
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possible to supervise at a remote position the load con 
dition of the entire system. 
FIGS. 5 and 6 show the transmitter and receiver of a 

modi?ed multiplex system utilizing two transmission 
lines 7 and 7A. The construction of the transmitter 
shown in FIG. 5 is a similar to that shown in FIG. 1 
except that a circuit including NOT gate circuits 9 and 
10 and NAND gate circuit 8 is omitted, that the base 
electrode of transistor TR3 is connected to the output 
of level adjustor 2 through resistor R3 and the collector 
electrode of transistor TR, is connected to the second 
transmission line 7A. 

In the receiver shown in FIG. 6, the arrangement of 
binary counters l4, decimal counter 15, strobe pulse 
generator 16, JK flip-flop circuits 25-1 through 25-16, 
transistors TR5_l through TRMG, output terminals Ll 
through Ll6 and the connections to the J and K termi~ 
nals of the ?ip-?op circuits from input terminal 11 are 
identical to those shown in FIG. 2. However, connec 
tions to the CP and R terminals of the binary counter 
14 are modi?ed in the following manner. Thus, the 
output from the level-up circuit 12 is directly con 
nected to the CP terminal of the binary counter 14 and 
a logical converter 33 for converting a negative logic 
pulse into a positive logic pulse is connected between 
the reset terminal R of the ring counter 14 and an input 
terminal 11A of the second transmission line 7A. 
The operation of this modi?ed embodiment will now 

be described with reference to FIGS. 7A-7H and 8G 
8P. In the transmitter shown in FIG. 5, the clock pulse 
generator 1 generates clock pulses having such wave 
forms as shown in FIG. 7A and the clock pulses are 
converted by the level adjustor 2 into pulses at a point 
B having levels of +1 and ——1 as shown in FIG. 7B level 
adjustor 2. The clock pulses are also applied to the 
binary counter 4. It is necessary to reset to zero binary 
counter 4 at the time of energizing the system. Reset 
circuit 3 is used to supply a reset pulse at C for this 
purpose. When reset in this manner, the binary counter 
4 produces a positive pulse at a point F on its CO termi 
nal, as shown in FIG. 7F. 
The binary counter 4 is constructed to produce 4 bits 

or 24 = 16 binary codes which are supplied to the deci 
mal decoder 5, and to produce the positive pulse on its 
output terminal OVF at each one cycle (or 16 counts), 
as shown in FIG. 7F . The polarity of the pulses of FIG. 
7F are inverted by transistor TR1 to produce negative 
logic pulse at G which is transmitted over the second 
transmission line 7A. The purpose of converting the 
pulse into the negative logic pulse for transmission over 
the transmission line 7A is to prevent mistransmission 
of the signal. 
Upon receiving the binary codes from the binary 

counter 4, the decimal decoder 5 successively produces 
pulses on its output terminals 1 through 16 in synchro 
nism with the period of the clock pulses, as shown in 
FIG. 7D. These output pulses are applied to the base 
electrodesof transistors TR2.1 through TRHB in the 
same manner as in FIG. 1. 
The output pulses at B from the level adjustor 2 are 

converted into positive pulses as shown in FIG. 7E by 
the action of diode D2 and the positive pulses at E are 
impressed upon the collector electrodes of transistors 
TRZ.l through TRHG through control switches S, 
through Sm, respectively. Accordingly, among these 
transistors those which are supplied with the pulses of 
FIG. 3E upon their collector electrodes become con~ 
ductive when one of pulses at D are applied to their 
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8 
cathode electrodes. In other words, among transistors 
TR2_l through TRMG, those having associated control 
switches closed will become conductive but those hav 
ing associated control switches opened will be held 
nonconductive. As a consequence, to the collector 
electrode of transistor TR3 is applied a pulse train cor 
responding to the opened and closed states of the con 
trol switches S1 through S6. Since pulses at B from the 
level adjustor 2 are impressed upon the base electrode 
of transistor TR3, this transistor will become conduc 
tive only when the pulse at B are positive. As a conse 
quence, a pulse train (hereinafter termed a control 
signal) corresponding to the opened and closed states _ 
of the control switches is sent over the first transmis 
sion line 7 through output terminal 6. FIG. 7H shows 
the waveform when two control switches S2 and S“, are 
closed. 
To the output terminal 6 is also applied the negative 

pulse of the pulses at B through diode D1. As a conse 
quence, the pulse train sent over the transmission line 7 
consists of a control signal of a positive pulse and a 
negative pulse for counting, as shown in FIG. 3H. 
The operation of the receiver shown in FIG. 6 will be 

described hereunder with reference to FIGS. 8G-8P. 
Signals at H and G transmitted over the transmission 
lines 7 and 7A are received as input terminals 11 and 
11A, respectively. The pulses at H received at the input 
terminal 11 is decomposed into such negative pulses as 
shown in FIG. 81 and such positive pulses as shown in 
FIG. 8L by the action of diodes D3 and D4. The level of 
the negative pulses at I is raised by the level-up circuit 
12 thus forming such positive pulses as shown in FIG. 
8.] which are supplied to the binary counter 14 to act as 
trigger pulses and to the strobe pulse generator 16. 
The strobe pulse generator 16 has the same construc 

tion as that shown in FIG. 2 and produces strobe pulses 
at K having a narrow pulse width as shown in FIG. 8K. 
Again, a logical product of the strobe pulses and the 
outputs of the binary counter 14 are made by AND 
gate circuits and applied to the decimal decoder 15. 
Accordingly, the outputs from the decimal decoder 15 
are pulses having the same pulse width as the strobe 
pulse. The output pulses at P shown in FIG. 81’ are 
applied to the trigger gates CP of respective J K flip~flop 
circuits 25-1 through 25-16. 
The positive pulses at L are applied to the J terminals 

of respective ?ip-?op circuits through inverter 13 and 
NOT gate circuit 20. The pusles at N correspond to the 
opened and closed states of the control switches S1 
through Sm in the transmitter shown in FIG. 5. The 
pulses at N are inverted by the NOT gate circuit 24 and 
then applied to the K terminals of the JK ?ip-?op cir 
cuits 25-1 through 25-16, whereby these ?ip-?op cir 
cuits store the pulses at N at an instant when the chan 
nel pulses P are applied thereto from the decimal de 
coder 15. The outputs from the .IK ?ip-?op circuits are 
applied to the base electrodes of respective transistors 
TR5_1 through TRFH6 thus turning them ON. Thus, the 
controlled apparatus, not shown, connected to the 
collector electrodes of respective transistors TR5_, 
through TRMG are controlled in accordance with the 
opened and closed state of the control switches Sl 
through Sm in the transmitting apparatus. 
The pulses at G received at the input terminal 11A is 

converted into positive logic pulses at M by the logical 
converter 33, and the pulses at M is applied to the reset 
terminal of the binary counter 14. As a consequence, 
the binary counter 14 is reset at each one cycle (16 
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counts)‘ in‘ synchronism with the binary counter 4 
shown in FIG. 5. In this manner, as both binary count 
‘ers 4 and 14 in the transmitter and receiver are forcibly 
synchronized at each one cycle there is no fear of accu 
mulating the difference in the counts‘of both binary‘ 

‘ counters. Thus only when JK ?ip-flop circuits produce 
outputs of the same‘value during four cycles, the relays, 
not shown,‘ are operated. Accordingly, even when the 
JK ?ip-flop circuits are caused to misoperate by noise, 
or the like, no output will be provided for the con 
trolled apparatus.‘ ‘ > 

it will be clear that according to this modi?ed em 
bodiment the clock pulses and the control pulses are 
transmitted over one transmission line and the reset or 
synchronizing pulses are transmitted'over the other 
transmission line. This modi?cation has the same ad 
vantages as the ?rst embodiment except that it utilizes 
two transmission lines. Accordingly, this modi?cation 
can be advantageously applied where the distance be 
tween the transmitting apparatus and the receiving 
apparatus is relatively short. ‘ 

_ While the invention has been shown described in 
connection with two preferred embodiments, it should 
be understood‘ that many changes and modi?cations 
may be‘ made ‘without departing from the true spirit and 
scope of the invention as de?ned in the appended 
claims. ' ' 

What is claimed is: 
' l. A multiplex transmission system for transmitting a 
plurality of ON-OFF signals respectively corresponding 
to a plurality of channels through at least one transmis 
sion line, which comprises: 
a transmitter including a clock pulse generator for 
generating clock pulses, a ?rst level adjuster con 
nected to said clock pulse generator for adjusting 
the top level of said clock pulses at a positive or 
negative level and the bottom level at a negative or 
positive middle level, ?rst pulse sequence genera 
tor having the same number of output lines as the 
channels, for repeatedly producing pulse sequen 
ces in accordance with said clock pulses, each 
pulse sequence consisting of the same number of 
channel pulses respectively appearing on said out— 
put lines in‘ synchronizm with said clock pulses, 
said ?rst pulse sequence generator producing reset 
pulses each appearing at a leading position of each 
pulseisequence and each having an utmost negative 
or ‘positive level of amplitude and applying said 
reset pulses to said transmission line, ?rst gate 
means ,for passing therethrough ‘the negative or 
positive component of the level-adjusted clock 
pulses to said transmission'line, and a ?rst gate 
circuit connected to said output lines, for passing 
therethrough the positive or negative component 
of thelevel-adjusted clock pulses to said transmis 
sion line in accordancewith said channel pulses 
and said QN-OFF signals; and v I 
receiver'including ‘a separator for separating from 
each other‘ negative and positive pulse signals on 
said transmissionline, a reset ‘pulse separator for» 
separating said reset pulses from ‘said negative 
pulse signal, a'second-‘level-u'p circuit connected to , a 
said separator for adjusting "‘the top level of said 
negative pulse'signal atsaid utmost positive or 
negative level second pulse sequence generator 
having the same number of output lines as the 
channels, for repeatedly producing the same pulse 
sequences as said pulse sequence in accordance 
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with‘ the separated reset ‘pulses vand the level 
, adjusted negative or positive pulse signal, the chan 
nel pulses respectively appearing on said output 

‘ lines of said second pulses sequence generator, a 
plurality of second gate circuits connected to ‘said 
output lines of said second pulse sequence genera 
tor, each for passing therethrough the separated 

. ‘positive or negative pulse signal when it is triggered 
by one of said channel‘ pulses. ‘ 

2. A multiplex transmission system as set forth in 
claim 1, in which said ?rst pulse sequence generator 
includes a binary counter of a capacity of the same 
number as the number of said channels, said binary 
counter producing an over?ow pulse when it over?ows, 
a decimal decoder having ‘the input terminals thereof 
connected to the output terminals of said ‘ binary 
counter and the output terminals thereof connected to 
said output lines, for producing one pulse on one. of 
said output terminals in' accordance with input signals 
applied thereto from said binary counter. > , 

3. A multiplex transmission system- asset forth in 
claim 1, in which said ?rst gate means includes a recti 
?er having the cathode terminal, thereof connected to 
the output of said level adjuster and the anode terminal 
thereof connected to, said transmission line. , _ 

4. A multiplex transmission system _as set forth in 
claim 2, in which said ?rst gate circuit includes aplural 
ity vof gate transistors each having the base terminal 
thereof connected to one of said output lines ,of said 
decimal decoder, a plurality of control switches each 
having one terminal thereof connectedto the collector 
of one of said gate transistors, a recti?erhaving the 
cathode terminal thereof connected to all of the re 
maining terminals of said control switches and the 
anode terminal thereof connectedv to‘the output termi 
nal of said level adjuster, a control transistor having the 
collector connected to all of the emitters of said gate 

. transistors and having the emitter thereof connected to 
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said transmission line, and anAND circuit having one 
input terminal thereof connected to said outpu termi 
nal of said level adjuster and the other input terminal 
thereof connected to said ‘over?ow terminal of said 
binary counter, the output terminal of said AND gate 
being, connected to the base of said control transistor. 

5. A mutiplex transmission system asset forth in 
claim 1, in which said separator includes a’ ?rst recti?er 
having the cathode terminal thereof connected to said 
transmission line, and a second recti?er'ha’ving the 
anode terminal thereof connected to said transmission 
line, and a resistor grounding therethrough the cathode 

terminal of said second recti?er. ‘ ' ‘ 6. A multiplex transmission system'asfset forth in 

claim 5,_‘in which said reset pulse separator includes a 
third recti?er having the cathode terminal thereof con 
nected to the anode terminal of said ?rst recti?er, a 
zenor diode havingthe anode terminal‘ thereof con 
nected to the anode terminal of said third recti?er, and 

= a gate circuit having the input terminal thereof con 
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nected to the cathode terminal of said zenordi'ode. 
. 7. A multiplex transmission system as set forth in 
claim 6, in which saidsecond pulse sequence generator 

‘ includes‘ an. AND circuit having one input terminal 
thereof connected to the output ‘of said levelladjuster 
and the other inputterminal thereof connected to the 
output of said gate circuit, a binary counter having the 
trigger terminal thereof connected to the output or said 
AND circuit and the reset terminal connected to the 
output of said gate circuit, a strobe pulse generator for 
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generating strobe pulses in accordance with the output 
signal from said AND circuit, a plurality of AND gates 
respectively connected to the output terminals of said 
binary counter for passing therethrough output signals 
from said binary counter when it is triggered by said 
strobe pulses, and a decimal decoder having the input 
terminals thereof respectively connected to the output 
terminals of said AND gates and the output terminals 
thereof connected to said output lines, for producing 
decimal code pulses on said output terminals in accor 
dance with input signals applied thereto from said AND 
gates. 

8. A multiplex transmission system as set forth in 
claim 1, in which said second gate circuits includes a 
plurality of memory circuits for memorizing therein 
said separated positive pulse signal when triggered by 
said one of the channel pulses, and a plurality of output 
gate circuits connected to said memory circuits for 
producing output pulse signals in response to the mem 
orized positive pulse signal. 

9. A multiplex transmission system for transmitting a 
plurality of ON-OFF signals respectively corresponding 
to a plurality of channels through at least two transmis 
sion lines, which comprises: 
a transmitter including a clock pulse generator for 
generating clock pulses, a level adjuster connected 
to said clock pulse generator for adjusting the top 
level of said clock pulses at a positive or negative 
level and the bottom level at a negative or positive 
level, ?rst pulse sequence generator having the 
same number of output lines as the channels, for 
repeatedly producing pulse sequences in accor 
dance with said clock pulses, each pulse sequence 
consisting of the same number of channel pulses 
respectively appearing on said output lines in syn 
chronism with said clock pulses, said ?rst pulse 
sequence generator producing reset pulses each 
appearing at a leading position of each ?rst pulse 
sequence and applying said reset pulses to one of 
said transmission lines, ?rst gate means for passing 
therethrough the negative or positive component 
of the level-adjusted clock pulses to the other 
transmission line, and a ?rst gate means for passing 
therethrough the positive or negative component 
of the level-adjusted clock pulses to said the other 
transmission line in accordance with said ON-OFF 
signals; and 
receiver including a separator for separating from 
each other negative and positive pulse signals on 
said one transmission line, a second level-up circuit 
connected to said separator for adjusting the top 
level of said signal at said positive or negative level, 
second pulse sequence generator having the same 
number of output lines as the channels, for repeat 
edly producing the same pulse sequences as said 
pulse sequence in accordance with said reset pulses 
from said one transmission line and the level 
adjusted negative or positive pulse signal, the chan 
nel pulses respectively appearing on said output 
lines of said second pulse sequence generator, a 
plurality of second gate circuits connected to said 
output lines of said second pulse sequence genera 
tor, each for passing therethrough the separated 
positive or negative pulse signal when it is triggered 
by one of said channel pulses. ‘ 
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10. A multiplex transmission system as set forth in 
claim 9,, in which said ?rst pulse sequence generator 
includes a binary counter of a capacity of the same 
number as the number'of said channels, said binary 
counter producing an over?ow pulse, when it'over?ows, 
a decimal decoder having the input terminals thereof 
connected to the output terminals of said binary 
counter and the output terminals thereof connected to 
said output lines, for producing one pulse on one of 
said output terminals in accordance with input signals 
applied thereto from said binary counter. 

11. A multiplex transmission system as set forth in 
claim 9, in which said ?rst gate means includes a recti 
?er having the cathode terminal thereof connected to ' 
the output of said level adjuster and the anode terminal 
thereof connected to said the other transmission line. 

12. A multiplex transmission system as set forth in 
claim 10, in which said ?rst gate circuit includes a 
plurality of gate transistors each having the base termi 
nal thereof connected to one of said output lines of said 
decimal decoder, a plurality of control switches each 
having one terminal thereof connected to the collector 
of one of said gate transistors, a recti?er having the 
cathode terminal thereof connected to all of the re 
maining terminals of said control switches and the 
anode terminal thereof connected to the output termi 
nals of said level adjuster, a control transistor having 
the collector connected to all of the emitters of said 
gate transistors and having the emitter thereof con 
nected to said the other transmission line and the base 
thereof connected to the output‘ terminal of said level 
adjuster. ' ‘ 

13. A multiplex transmission system as set forth in 
claim 9, in which said separator includes a ?rst recti?er 
having the cathode terminal thereof connected to said 
the other transmission line and a second recti?er hav 
ing the anode terminal thereof connected to said the 
other transmission line, and a resistor grounding there 
through the cathode terminal of said second recti?er. 

14. A multiplex transmission system as set forth in 
claim 9, in which said second pulse sequence generator 
includes a binary counter having the trigger terminal 
thereof connected to the output terminal of said level 
adjuster and reset terminal thereof connected to said 
one transmission line, a strobe pulse generator for gen 
erating strobe pulses in response to the output signal 
from said level adjuster, a plurality of AND gates re 
spectively connectedv to the output terminals of said 
binary counter for passing therethrough output signals 
from said binary counter when it is triggered'by said 
strobe pulses, and a decimal decoder having the input 
terminals thereof respectively connected to the output 
terminals of said AND gates and the output terminals 
thereof respectively connected to said output lines, for 
producing decimal code pulses on said output terminals 
in accordance with input signals applied thereto fromv 
said AND gates. ‘ 

15. A multiplex transmission system as set forth in 
claim 9, in which said second gate circuits includes a 
plurality of memory circuits for memorizing therein the 
separated positive pulse signal when triggered by said 
oneof the channel pulses, and a plurality of output gate 
circuit connected to said memory circuits for produc 
ing output pulse signals in response to the memorized 
positive pulse signal. 

* * =l= * * 


